The laser-plasma accelerator has attracted great interest for constituting an alternative in the production of the relativistic electron beams of high peak current. But the generated electron beam has poor monochrome and emittance, which make it difficult to produce high brightness radiation.
1. Introduction X-ray is very important for the understanding of the matters, and creates new sciences and technologies. Today, the brightest X-ray beams are generated by free electron laser based on synchrotron radiation (SR) [1] . SR is produced by electrons, which are accelerated to relativistic energies E = mc 2 , where  is the Lorentz factor, m is the rest electron mass and c is the light velocity in vacuum. If the relativistic electron (>>1) goes through a spatially modulated field, it will oscillate in the field and radiates light at a frequency, which is 2 2 times of their own oscillating frequency. In conventional SR sources, the field is produced by a periodic structure of permanent magnets, which is metre-long with a period of 1-10 centimetres for efficient X-ray generation.
In the conventional SR facilities, the relativistic electron beams are typically generated by large-scale accelerator. With the development of the laser technologies, the laser-plasma accelerator (LPA) constitutes an alternative in the production of the relativistic electron beams. In the past few years, the electron beam with peak current above 10kA, low emittance less than 0.1mm and beam energy of 1GeV has been generated [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . With this kind of electron beams and the magnetic undulators, generation of visible light and soft x-ray emission has recently been demonstrated [12] [13] [14] [15] [16] . But, the electron beams produced by LPA have big divergence, typically a few milliradian, which will decrease the current density greatly and quickly, even only going through a few periods of conventional magnetic undulator, and strongly affect the brightness of the SR. Although many work can be done to enlarge the election beam size and decrease the divergence, the advantage of this kind of electron beam, high current density, will loss. To overcome this limitation, many novel, short period wiggler/undulators have been proposed. A kind of short period wiggler/undulator is based on microfabrication [17] [18] [19] [20] [21] [22] [23] [24] [25] . Combination of the microstructure and the strong laser pulse can offer the short period wiggler/undulator with sub-millimeter period. Another kind of short period wiggler/undulator is to use the laser period itself, which can offer very short period of laser wavelength. But as we known, the longest laser wavelength is about ten micrometers, it is too short to produce coherent radiation as an undulator for GeV electron beam [26] [27] [28] [29] [30] .
In the relativistic regime, the interaction of ultraintense laser pulses with free electrons in vacuum has been studied [31] . . So, for the electron with  = 1000, the laser pulse of a = 1 can
give the potential barrier of 0.26keV, which means that the electron of 1 mrad divergence angle can be restricted by this potential in the transverse. In the work of Ph. Balcou et al [32] , a Raman X-ray free electron laser is proposed and carefully analyzed. It may open perspectives for ultracompact coherent light sources up to the hard x-ray range. In the works of Ph. Balcou et al, the femtosecond or picosecond intense laser is split into two strictly identical parts. These two parts will counter-propagate and interfere to form a standing wave in the transverse in the rest frame of the electron. When the electron goes through this standing wave with a small initial transverse velocity, it will wiggle by the ponderomotive force and produce the Raman radiation. The oscillation frequency is proportional to the electrical strength positively and the Lorentz factor inversely.
In this work, we propose a new kind of laser undulator scheme with configured laser field, which can be realized and controlled with diffraction optics. From eq. (1) we can see, the ponderomotive force is from the spatial gradient of the laser field, so we can design the structure of the laser field in spatial to control the electron motion carefully and arbitrarily.
Proposed scheme
In the conventional magnetic undulator of free electron laser, the transverse electron velocity can be written as a sine function   In the electron rest frame, if the laser field can be seen as similar to the structure in Fig. 1(a) , the ponderomotive force of the laser field can work as the magnetic field in the undulator in the free electron laser for the electron going through. In the lab frame, this laser field can be look like that shown in Fig. 1(b) , which can be produced with wavefront tilting technique. Since the electron velocity and the group velocity of the laser pulse are both close to the light speed in vacuum, the wavefront tilting angle is about 45 degree.
(a) (b) Fig. 1 (a) laser field in electron rest frame; (b) laser field in lab frame;
In Fig. 1(b) , the initial velocity of the electron is in z axis. The laser field propagates in x axis. So we can write the laser vector potential as below
Where A 0 , , k and  are peak vector potential, angular frequency, wave vector, pulse duration of the laser pulse, respective, and c is the light velocity in vacuum.  is the wavefront tilting angle.  is the amplitude of wavefront bending and k  describes the period of the wavefront bending, which can be realized and controlled by diffraction optics technique.
With eq. (3), we can calculate the ponderomotive force using eq. (1) 
For the electron precisely located at x = 0, the ponderomotive force can be written as 
It has very good periodicity. So, under the work of this force, the x axis motion of the electron will also have good periodicity. To demonstrate it, we will give some numerical simulation below.
In the simulation, the 6D phase space of the electron beam is filled with Hammersley sequences as used in the Genesis code, but only the motion in the transverse plane (x-y plane) is used in the calculation. The Lorentz factor of the initial electron beam is  = 1000. Similar to the electron beam generated in the laser-plasma-driven acceleration, the initial beam size and the emittance of the electron beam are 2m and 110 -6 mrad, respectively. Then the electron beam propagates and spreads. After propagating a little distance, the electron beam will be refocused by an ideal focusing system to be about 2.5m. Fig. 2 shows the electron beam size around the focal point in a 128 periods laser undulator with a period of 100m. The ponderomotive force in x axis is written as eq. (5). During the following s imulation, the undulator period of 100m is used. The amplitude of wavefront bending in eq. (4) is 10m. The duration of the laser pulse is 30fs. In Fig. 3 , the electron momentum in x axis is shown when the electron beam goes through the laser undulator. But as we known, the brightness of soft x-ray free electron laser (FEL) usually can be 10 33 photons s -1 mm -2 mrad -2 per 0.1%bandwidth, can we increase the laser intensity of this kind of laser undulator to achieve it? From Fig. 3(b) , we can know that the undulator parameter is about 610 -4 . If we increase it to be 0.6, close to the undulator parameter of the conventional FEL, the laser intensity need to be about 3.510 21 W/cm 2 , lower than the previous scheme [22] . To demonstrate it, we use the genesis code to perform the simulation. During the simulation, the laser undulator is simplified as a 100 m period conventional FEL. With the increase of the undulator parameter, the wavelength of the radiation will also increase, e.g. 0.069nm (about 18keV) for 0.6 undulator parameter. But we still find that the emission power can increase as E 0 4 approximately, up to the brightness of several times of 10 31 photons s -1 mm -2 mrad -2 per 0.1%bandwidth for 0.6 undulator parameter. If we decrease the electron energy to  = 100 to produce the soft x-ray radiation, the wavelength of the emission will be 3.46nm for 0.6 undulator parameter and the emission power looks like squarely increasing with nwig number in genesis code, which means the emission can be coherent.
In summary, we have presented a new laser undulator that can be achieved with high power femtosecond laser, which can drastically reduce the size and the cost. 
